Optical temperature sensing based on the variation of the fluorescence intensity ratio of rare-earth materials has become appealing due to its multiple superiorities over electrical temperature sensing.
Introduction
Currently, the optical thermometric technique based on the uorescence intensity ratio (FIR) in a phosphor material is attracting intensive investigations, for its advantages such as non-contact, rapid response, and high spatial/temperature resolutions that facilitate temperature detecting for harsh environments or fast moving objects. [1] [2] [3] [4] [5] [6] [7] Most of the previous thermometric material studies focus on the thermally coupled level-pairs (TCL) of rare earth ions (for example, 2 ). [8] [9] [10] [11] [12] [13] In a denite TCL phosphor, population at the upper and lower levels of TCL would change oppositely with increasing temperature, inducing variation in the FIR of these two levels. For this type of thermometric material, to avoid exceedingly low upper-level populations, it is widely accepted that the energy separation of the two thermally linked levels of rare-earth ions is less than 2000 cm À1 , [14] [15] [16] which essentially connes the highest value of S to no larger than 2878/T 2 .
Indeed, all the reported S values from diverse rare earth ions, e.g., Tm 3+ , Nd 3+ , Eu 3+ , Dy 3+ , Ho 3+ , and Er 3+ , are smaller or comparable to this value. 11, 12, [16] [17] [18] [19] [20] The limited S is apparently a big obstacle for the further promotion and practical application of optical sensors based on the uorescence intensity ratio of rare-earth materials.
Recently, besides searching for excellent TCL thermometric materials, great efforts have also been made to develop a new thermometric strategy. For example, the phonon assisted energy transfer between Tb 3+ and Eu 3+ ions has been employed in optical thermometry.
1,5,21
This thermometric strategy provides better signal discriminability, but is only applicable at a temperature below 320 K. Quantum dots decorated by lanthanide-organic complexes have also been applied as thermometric materials relying on the different thermal quenching behaviors between quantum dots and lanthanide ions. However, the FIR of these quantum dots is easily inuenced by the other environment parameters such as acidity and alkalinity, which would introduce errors in practical temperature detection.
22,23
It is known that some lanthanide ions (Pr 3+ Based on these researches, a novel temperature sensing strategy that utilizes the IVCT state interfered Pr 3+ luminescence to perform optical thermometry is proposed.
As an important member of ferroelectric materials, studies of (Ba, Sr)TiO 3 materials have been a widely welcomed topic due to their high permittivity, low dielectric loss, high tunability coefficient, quick reaction velocity, anti-breakdown ability and simple fabrication process, etc. Meanwhile, among many advantages is the fact that the (Ba, Sr)TiO 3 family is lead-free, and therefore compliant with nowadays requirements for environmentally benign materials. 28 99%, Aladdin). The pH value of the mixed solution was adjusted to be 13.5 by adding NaOH. The reactive solution was then sealed in a Teon autoclave at 200 C for 48 h. Aer cooling down to room temperature, the obtained product was thoroughly washed by deionized water and ethanol, eventually dried overnight in air.
The crystallization nature and morphology of the samples were characterized using powder X-ray diffraction (Rigaku D/ MAX-2600/PC with Cu Ka radiation) and scanning electron microscopy (SEM; JEOL 6700F). Photoluminescence (PL) and photoluminescence excitation (PLE) spectra of the samples were measured using a spectrouorometer (HORIBA, Fluoromax-4). The polarization vs. electric eld (P-E) hysteresis loop was obtained at 50 Hz using a Precision Premier II tester (Radiant Technology USA) at room temperature (30 kV cm À1 ).
Results and discussion The variation of emissions of BST:Pr 3+ with the temperature over the 290 to 513 K is depicted in Fig. 3 , it can be observed that the peak positions of these emission bands are hardly changed and the absolute intensities decrease gradually with Fig. 4(a) . It is obvious from Fig. 4(a) 
where the emission intensities for the 531 and 547 nm are I 531 and I 547 , respectively. The values of c 1 (n 1 ) are related to the response of the detection system. A 1 , g 1 , hn 1 and b 1 are the spontaneous radiative rates, the degeneracy, the photon energy and the branching ratio, respectively, for transitions from the excited 3 P 1 and 3 P 0 levels to 3 H 5 state. B is a constant; DE 12 is the effective energy difference between the 3 P 1 to 3 P 0 state; k is the Boltzmann constant; and T is the absolute temperature. The temperature dependence of these emissions at 531 and 547 nm in the range of 290-403 K (Fig. 4(b) , it is important to investigate the sensing sensitivity, this can be dened from:
The sensitivity as a function of temperature (Fig. 4(c) ) is 745.2/T 2 and reach its maximum value of 0.015 K À1 at 375 K in emission by referring the maximum emission intensity at 602 nm and 490 nm in the PL spectra, as a function of temperature in the range of 293-513 K. Excitingly, a huge increase as high as 90 fold of the ratio was achieved when the temperature increased from room temperature to 513 K. The intensity ratio can be t nicely with a thermally linked-levelslike equation, deducing an ultrahigh sensitivity of 4275.1/T 2 , which is not only $6 times higher than that of the optical sensors based on thermally linked 3 P 1 and 3 P 0 levels of Pr 3+ , but also much higher than all the reported optical sensors based on the uorescence intensity ratio of rare-earth materials 8, 9, 13, 29, 34, 39, 40 (as listed in Table 1 ), where the highest sensitivity of 2878/T 2 was anticipated. The sensitivity keeps increasing in our experimental temperature range and reaches the maximum value 1.055 K À1 at 513 K as shown in Fig. 5(c) .
Given that the energy separation between 3 we can obtain the blue and red light under 325 nm excitation as shown in Fig. 2 . In general, the electric performances of the BST depend not only on the structure of the domain and the movement of non-180 C domain walls but also on the effect of the defect structure on the domains congura-tion and the interaction of between the defects and domain walls. During the testing process, the stress in the domain walls would be released by migrating to the defects, which would promote the domain walls to move laterally, leading to the reorientation and growth of the domains. And that a larger number of domains contribute to Pr for BST:Pr 3+ . 41 The coercive electric eld (E c ) of BST and BST:0.5%Pr 3+ The ultrahigh sensitivity based on the two emissions may shed a bright light on the promotion of optical temperature sensing and understanding of the involved mechanism. Moreover, the ferroelectric exhibits excellent ferroelectric properties.
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